Background and Purpose-There is uncertainty concerning the etiology of transient global amnesia (TGA). Previous CT and MRI studies have indicated that permanent structural abnormality is rare in TGA. Diffusion-weighted (DW) MRI is very sensitive to early ischemic parenchymal changes and has recently demonstrated embolic infarction in the posterior cerebral artery territory in 2 TGA patients. We report the findings of DW MRI in 8 patients in acute stages of TGA. Methods-Conventional and echo-planar DW MRI was performed in 2 patients in the active phase and 6 patients in the recovery phase (1 to 8 hours after cessation of anterograde memory dysfunction) of spontaneously occurring TGA. Results-None of the patients showed signs of hyperintensity on DW images or hypointensity on quantitative apparent diffusion coefficient (ADC) maps to suggest regional decreases of water mobility or acute T2 changes on transverse or coronal slices. Conclusions-We were unable to detect ADC or acute T2 changes with echo-planar DW MRI in patients with TGA, which suggests that mechanisms other than ischemic infarction may cause TGA. We did not identify spreading depressionassociated changes of the ADC. 
T ransient global amnesia (TGA) refers to a benign syndrome of sudden-onset alteration of behavior dominated by a temporary dysfunction of anterograde and recent retrograde memory lasting for several hours or even few days, with preservation of alertness, attention, and self-identity, without further neurological symptoms or signs. Although TGA is a well-documented clinical entity, there is uncertainty concerning the etiology and localization of neuronal dysfunction in TGA. 1, 2 Previous CT and MRI studies have indicated that permanent structural abnormality is rare in TGA, but altered perfusion has been demonstrated in various brain regions with positron emission tomography and singlephoton emission CT. 3, 4 Diffusion weighted MRI (DW MRI) has been a current focus of interest. It can detect early changes related to ischemia and abnormal brain activity. Cytotoxic cell swelling can be demonstrated before a net increase in parenchymal water causes T2-weighted (T2W) changes in stroke patients. 5 TGA is a well-recognized potential complication after posterior circulation angiography, and recently small, acute embolic ischemic lesions were detected with echo-planar DW MRI in the medial basal temporal lobe in a patient with TGA after vertebral artery angiography. 6, 7 Another case study 8 demonstrated 2 tiny foci of acute ischemia in the splenium of the corpus callosum and in the left parahippocampal gyrus in a patient with spontaneous onset of TGA. Strupp et al 9 recently described signal changes in DW images without the subsequent development of permanent lesions, which suggests a mechanism other than infarction in TGA. In experimental models of focal ischemia with periinfarct depolarization and of spreading depression and epilepsy, transient reductions of the apparent diffusion coefficient (ADC) have been detected with DW MRI. 10 -12 On the basis of those results, one may assume that DW MRI has the potential to detect permanent or transient ADC changes associated with ischemic tissue changes or irregular electrical activity in patients with TGA.
Subjects and Methods
Eight patients with spontaneous onset of TGA (6 women and 2 men, aged 56 to 77 years) who presented to the emergency room underwent MRI. All patients (and, additionally, in patients 6 and 8, a relative) gave written informed consent. The study had been approved by the local ethics committee.
All patients had been brought to the hospital by relatives or neighbors, and a reliable history was obtained from at least 1 witness in all cases. There was sudden-onset amnesia without disturbance of vigilance or cognition. There was no history of head trauma or previous stroke. Patient 1 reported having occasional episodes of migraine since her twenties until 15 years ago, and patients 3 and 5 reported occasional tension headaches (Table) . All patients had normal neurological examinations, except for the memory deficit, and normal routine medical examinations (physical examination, ECG, conventional or transesophageal echocardiography, and laboratory tests). Doppler and duplex studies excluded significant obstructive lesions or sources of artery-to-artery embolism in extracranial and intracranial arteries. Routine surface EEG failed to reveal focal or generalized abnormalities.
At the time of MRI, patients 6 and 8 were in the acute phase at 5 and 6 hours, respectively, after sudden onset of memory disturbance. They continously asked where they were and what had happened, and were still unable to form very basic new memories. Both recovered over the next 6 hours.
Patients 1, 4, and 7 were in the early recovery phase 1 to 3 hours after TGA. They were able to form new memories, but they still could not recall recent events and were still worried and anxious.
Patients 2, 3, and 5 were examined in a later phase 6 to 8 hours after cessation of anterograde amnesia; however, they still showed incomplete recovery from retrograde amnesia.
MRI was performed with a 1.5-T Magnetom Vision (Siemens Medical Systems) with echo-planar hardware (gradient power 25 mT/m, rise time 83 mT/m/ms). A standardized MRI protocol was used, with transverse, coronal, and sagittal localizing sequences. This was followed by transverse continuous 5-mm images, field of view (FOV) 240 cm aligned with the hippocampus; proton density, T2W (turbo spin echo [SE] 2620 ms/14 ms/85 ms/5 mm/FOV 240); T1W (SE 530 ms/12 ms/5 mm); DW (echo-planar SE TR 4000 ms/TE 144 ms, 24-cm FOV, 5-mm slice thickness, 128ϫ128 matrix, 5 b valuesϭ0 to 1000 s/mm 2 , diffusion gradients in 3 orthogonal planes) in transverse oblique plane aligned with the hippocampus and in 2 coronal sequences angulated perpendicular to the hippocampus with differing phase-encoding directions in order to evaluate the medial temporal lobes without artifact.
Maps of the ADC were obtained by a linear least-squares fit on a pixel-by-pixel basis after averaging of the direction-dependent DW images. The directionally independent trace of the diffusion tensor (ADC/3) was determined.
ADC maps and DW (isotropic, bϭ1000 s/mm 2 ), T2W, and T1W images were analyzed for acute and chronic abnormalities (Figure) . The ADC was determined by region-of-interest (0,5 cm 2 to 1,0 cm 2 ) analysis.
Results
None of the patients showed parenchymal hyperintensity on DW images or hypointensity on ADC maps that would suggest regional decreases of water mobility on transverse or coronal slices. The ADC in normal-appearing white and gray matter and in the hippocampus (ADCϭ0.77Ϯ0.04ϫ 10 Ϫ5 cm 2 /s) were within the normal range (as established for previous stroke studies, ADCϭ0.75Ϯ0.06ϫ10 Ϫ5 cm 2 /s). Patients 3, 5, 7, and 8 also had unremarkable T1W and T2W studies. In patients 1, 2, and 4, only very slight punctate subcortical white matter changes were seen on T2W images. In patient 6 there were subcortical hyperintense periventricular lesions. There were no signs of major tissue destruction in corresponding areas on T1W images. 13 The number of hyperintense T2 lesions were compatible with the age of the patients. There was no indication of previous territorial infarction.
Discussion
Evidence of acute ischemic lesions in the posterior cerebral artery territory (right hippocampus, medial basal temporal lobe, splenium of the corpus callosum, and in the left parahippocampal gyrus) has recently been demonstrated with echo-planar DW MRI in a patient with postangiographic TGA and in a second patient with spontaneous-onset TGA. In both patients an embolic mechanism of ischemic changes was presumed. Although we used a very similar DW MRI technique and have demonstrated even very small embolic stroke lesions previously, we found no evidence of embolic lesions in 8 patients with TGA. 14 Transverse and coronal calculated maps of the ADC and DW images showed no indication of acute ischemic tissue change. This is in line with earlier studies which show that structural changes are rarely found in TGA patients. 2, 4 Although TGA may be caused by embolic infarction, our negative results confirm that TGA may instead be a consequence of different etiologies. Shared pathophysiological mechanisms of migraine and TGA have repeatedly been 
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suggested. It is interesting to note that in a recent MRI study in patients with migraine auras, no ADC abnormalities to suggest spreading depression or ischemia could be demonstrated, while on hemodynamically weighted (perfusionweighted) MRI there were signs of regional hypoperfusion. 15 In TGA transient abnormalities of tissue perfusion have also been detected with single-photon emission CT and positron emission tomography. 16 -18 Perfusion-weighted MRI was not part of our study but should be a useful adjunct in future studies of TGA. Spreading depression has been demonstrated with DW MRI in experimental models of focal ischemia but not yet in human stroke. 10, 11 We did not identify a regional transient ADC decrease suggesting spreading depression. Experimental work 11, 19 has demonstrated that in spreading depression the ADC reduction (20% to 30% reduction) is usually less pronounced than in ischemic tissue damage when anoxic depolarization occurs (50% to 60% reduction). Although echo-planar DW MRI has been shown to be very sensitive in detecting the ADC decrease of even small ischemic lesions, a higher spatial resolution using segmented echo-planar sequences and serial measurements may be better suited than single-shot echo-planar DW MRI to detect spreading depression. Echo-planar-specific artifact (chemical shift artifact, N/2 artifact, susceptibility artifact) has to be taken into consideration when interpreting DW images. 20 Although such artifact usually, in our experience, does not obscure lesions in the medial temporal lobes or at the base of the skull (as analyzed in a recent study of 105 stroke patients), 21 we used 3 echo-planar DW studies in transverse and coronal planes to provide best visualization of the medial temporal lobes.
Our negative findings contrast with the findings of Strupp et al, 9 who report widespread transient hyperintensities on DW images in 7 of 10 TGA patients 3 to 25 hours after TGA and in 1 patient at the time of TGA. These image abnormalities were believed to be consistent with spreading depression. They used steady-state free precession (SSFP) DW images with a single diffusion gradient direction. Surprisingly, no diffusion anisotropy effects were visible in those images. The potential diffusion changes were determined by visual interpretation without the opportunity to quantitatively analyze the ADC, which is crucial to distinguish diffusion effects from other complex factors that influence image contrast. 22 The steady-state free precession sequences are known to be susceptible to contrast influences due to slice profile effects, uncertainties due to relaxation times, and other tissue motions. 23 Therefore, it is conceivable that these technical reasons are responsible for the differing results of our studies. There also is some possibility that DW MRI changes occurred with a delay, as patients were examined later (hours to days after the onset of TGA).
Despite using up-to-date MRI technology, we were unable to detect signs of ischemic tissue change in acute stages of TGA on DW MRI, which suggests that mechanisms other than ischemic infarction may also cause TGA. We did not identify changes of the ADC associated with spreading depression. Further refinement of MRI sequences may be necessary to detect subtle or transient ADC change in brain parenchyma.
